The health impacts of recent global infectious disease outbreaks and other disasters have demonstrated the importance of strengthening public health systems to better protect communities from naturally occurring and human-caused threats. Public health emergency management (PHEM) is an emergent field of practice that draws on specific sets of knowledge, techniques, and organizing principles necessary for the effective management of complex health events.
The health impacts of recent global infectious disease outbreaks and other disasters have demonstrated the importance of strengthening public health systems to better protect communities from naturally occurring and human-caused threats. Public health emergency management (PHEM) is an emergent field of practice that draws on specific sets of knowledge, techniques, and organizing principles necessary for the effective management of complex health events.
We highlight how the nascent field of PHEM has evolved in recent years.
We explore this development by first examining multiple sites of intersection between the fields of public health and emergency management. We then analyze 2 of the principal pillars on which PHEM was built: organizational and programmatic (i.e., industry) standards and the incident management system. This is followed by a sketch of the key domains, or functional areas, of PHEM and their application to the emergency management cycle. We conclude with some observations about PHEM in a global context and discuss how the field might continue to evolve. (Am J Public Health. 2017;107:S126-S133. doi:10.2105/ AJPH.2017.303947) Dale A. Rose, PhD, MSc, Shivani Murthy, MPH, Jennifer Brooks, MPH, and Jeffrey Bryant, MS I n recent years, the health impacts of infectious disease outbreaks, natural disasters, industrial and environmental catastrophes, and conflict have captured the world's attention and reinforced the importance of strengthening public health systems to better protect communities and populations from naturally occurring and humancaused threats. Various approaches and programs have been developed to address these needs in domestic and global contexts, including initiatives to strengthen public health preparedness and global health security. Although much has been written about these approaches, 1, 2 there are few reports on the interface between public health and emergency management-and even less about what we call "public health emergency management" (PHEM). PHEM is an emergent field of practice that draws on specific sets of knowledge, techniques, and organizing principles found in the fields of emergency management and public health that are necessary for the effective management of complex health events and emergencies with serious health impacts. Although concepts such as public health preparedness and global health security include significant components of PHEM, the various terms should not be conflated.
We highlight some of the ways the nascent field of PHEM has evolved in recent years. We explore this development by first examining multiple sites of intersection between the fields of public health and emergency management. We then analyze 2 of the principal pillars on which PHEM has been built: organizational and programmatic (i.e., industry) standards and the incident management system (IMS). This is followed by a sketch of the key domains, or functional areas, of PHEM and their application to the emergency management cycle. We conclude with some observations about PHEM in a global context and discuss how the field might continue to evolve.
PUBLIC HEALTH AND EMERGENCY MANAGEMENT
Public health and, of course, emergency management have long histories of engagement in disasters and complex emergencies. Before public health practitioners worked from emergency operations centers (EOCs) or had even heard of an IMS, they were leading or supporting response efforts in numerous infectious disease emergencies, such as those caused by yellow fever, smallpox, and HIV/AIDS, as well as environmental and technological catastrophes, including hurricanes, floods, and industrial chemical releases. Similarly, the field of emergency management, defined here as "the managerial function charged with creating the framework within which communities reduce vulnerability to hazards and cope with disasters," 3 has long been oriented toward an array of emergencies, including but not limited to public health events. Early forerunners to the field of emergency management were characterized by a mix of efforts such as volunteer disaster relief services, enhancing fire code safety, improving actuarial assessments of insurable risk, and civil defense. [4] [5] [6] Although modern emergency management is a younger field than is public health, it has become an increasingly professionalized field with its own disciplinary knowledge, professional associations, credentialing, and university-based programs of study. For much of their respective histories, interactions between public health and emergency management were rare, and for decades little attempt was made to coordinate or align their missions. Moves toward closer alignment can be traced at least as far back as the 1970s, when the field of emergency management began to shift away from its orientation to civil defense, which was focused on nuclear attacks, to a greater range of natural and human-caused hazards and threats (later to be termed "all hazards"). 6 In the 1990s, public health similarly broadened its scope, with increased attention to atypical threats such as biological and chemical terrorism, pandemic influenza, and other emergent threats-natural and intentional.
The relationship between public health and emergency management came into sharper focus after the events of September 11, 2001, and efforts to strengthen ties have continued to evolve. Critical drivers to accomplish this include the advent of homeland security as an apparatus of government, which eventually led to the wide-scale adoption of the National Incident Management System by government agencies and state and local recipients of federal preparedness funds. 7 The National Incident Management System helps guide the management of incidents and emergency operations and adheres to principles of incident management.
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THE EMERGENCY MANAGEMENT CYCLE
A useful heuristic to understand the relationship between public health and emergency management is the emergency management cycle, which has been described in emergency management curricula, textbooks, and government sources using different models.
8,13, 14 We adopted a 4-stage model of this cycle that includes mitigation, preparedness, response, and recovery ( Figure 1 ). These 4 phases are useful for describing the capacities and activities of an emergency management system and are closely related to but different from the 5 mission areas and corresponding core capabilities described in the most recent edition (June 2016) of the Federal Emergency Management Agency's National Response Framework.
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Mitigation focuses on reducing hazard losses or risk and controlling anticipated damage; activities in this phase can be carried out before, during, or after an event. "Mitigation" is an infrequently used term in public health or PHEM contexts. Examples of mitigation are targeted human and animal vaccination efforts, animal culling, and other public health control measures, including food safety and sanitation practices to reduce the impact of an infectious disease outbreak or environmental exposure risks in the context of a disaster (e.g., at a shelter or other congregate setting). Preparedness activities occur before an event and center on building or maintaining staff, systems, and infrastructure capacity as well as carrying out the planning, training, and exercising necessary to identify gaps and improve emergency response capabilities. Examples are the development, testing, and evaluation of emergency response plans, notification and warning systems, and surge staffing procedures as well as training staff and enhancing physical and information technology infrastructure such as EOCs and surveillance and reporting systems.
Response in the emergency management cycle occurs in recognition of a hazard that threatens to overwhelm day-today functions or capacities. In the public health context, emergency response activities can vary widely but generally include the following: Finally, the recovery phase occurs during and after the AJPH PERSPECTIVES response and encompasses efforts to return or adapt to "new" normal conditions after an event.
In the public health context, this may include efforts to implement an orderly transition of response-related activities to regular public health programs and functions, capacity-building efforts to reestablish or strengthen health systems, or monitoring long-term sequelae such as mental or behavioral health issues in affected populations following a significant public health emergency or disaster.
STANDARDS
We define standards as codified expectations for practice, typically in the form of guidelines or requirements for functions, processes, resources, or performance in an organization or system.
15, 16 Standards serve multiple purposes. 17 For example, they can drive improvement in an organization or program by serving as the desired end state or outcome of a certain activity (e.g., be able to activate an EOC within 60 minutes of notification). Gaps in capacity or capability can be assessed against the standards and strategies put into place for addressing those gaps. Standards also serve an important accountability function; meeting standards assures funding authorities and governance bodies that organizations and programs are directing their efforts and activities in preferred or even required ways or that their level of performance meets minimally acceptable requirements.
Related to this, standards can also act to enhance trust and credibility in an organization or program. In some disciplines and industries, meeting standards can even convey excellence or elite status. Another key benefit of standards is that they can be recognized and accepted across entire communities of practice, irrespective of geography, type of organization, or individual background. Finally, adherence to standards is verifiable through empirical observation, often through second (i.e., purchaser or funder) or third (independent, outside) party review, which reduces the need to rely exclusively on self-assessment.
The field of PHEM is currently coalescing around several sets of standards and guidelines ( 
Related standards include (1) the National Fire Protection Association 1561 and 1600 standards, long embraced by first responder organizations and professional associations as foundational emergency management standards in the United States, and (2) international standards such as the International Organization for Standardization 22300 series, which covers topics such as continuity of operations, incident response, organizational resilience, emergency management capability assessment, and guidelines for exercises. 20, 22, 23 Highlighting these standards is not meant to suggest that these have been adopted evenly, or in some cases at all, across the landscape of public health preparedness and response programs or the nascent field of PHEM. Although many public health preparedness capabilities have, for example, been comprehensively adopted by health 
INCIDENT MANAGEMENT SYSTEMS
Another fundamental component of PHEM is the IMS. The IMS is a scalable, flexible system for organizing emergency response functions and resources characterized by principles such as standardized roles, modular organization, and unity of command. 7 Although it embraces management by objective at the level of an overall response, IMS is in essence a modified command-and-control system. 27 An effective IMS hinges on the integration and coordination of staff, systems, and infrastructure under a standardized organizational structure, which is typically managed from an EOC, joint field office, or similar entity. In the United States, recipients of preparedness funding are required to develop an incident management framework that complies with the National Incident Management System.
The National Response Framework describes key contributions of an IMS in a response context, including (1) developing a single set of objectives, (2) using a collective, strategic approach, (3) improving information flow and coordination, (4) creating a common understanding of joint priorities and limitations, (5) ensuring that no agency's legal authorities are compromised or neglected, and (6) optimizing the combined efforts of all participants under a single plan. 8 Drawing from, and adapting, foundational scholarship in the field, we suggest that the main work of an IMS in a PHEM context includes coordination between functional units or groups of expertise within and across organizations; information collection, integration, and sharing internal to the IMS but also external to response partners and other stakeholders; developing and disseminating public information and warning and crisis and emergency risk communication messages to target audiences and the general public; and providing access to and deployment of resources such as staff and equipment to an EOC or the field (including the management and logistical support of surge staff). 28 A fifth purpose, more prominent in certain response contexts, relates to the IMS's role in informing policy or engaging with elected and other political or senior officials (e.g., to address multifaceted challenges such as mandatory evacuation orders, the quarantine of well individuals, closure of schools or businesses, and recommending travel restrictions to avoid exposure to harmful pathogens). IMSs are rooted in the concept of the incident command system, a typically on-scene commandand-control organizational structure characterized by standardized functions and terminology initially developed to facilitate interagency coordination and integration of resources for combating wildfires. 29 There is significant and ongoing debate about the implementation and effectiveness of the incident command system and IMS. Whether these systems are being implemented appropriately or consistently and whether they are equally effective in managing emergency responses across different hazard and threat contexts are of concern. 27, 30, 31 Despite this, documented examples of IMS use in public health contexts notably increased over the past several years. For example, health departments in the United States have highlighted the successful use of incident command system or IMS principles in various response contexts, including pandemic influenza exercises, 32 natural disasters such as floods, 33 and vector-borne disease outbreaks. 34 Similarly, the use of IMS principles has been noted globally, [35] [36] [37] and the momentum it has gained internationally has led the World Health Organization to advocate its use in the context of broader emergency management capacitybuilding efforts.
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In the United States, the CDC has activated its IMS 62 times between 2003 and 2016, including during recent responses to outbreaks of Ebola (2014-2016) and Zika (2016 to the present). However, the CDC has not been immune to IMS implementation challenges. Early efforts to adopt the IMS within the agency were met with variable success. Public health scientists were not clear on how to work effectively in a relatively structured commandand-control model for response activity, and emergency managers were hard pressed to implement the IMS with a public health workforce that was used to handling major infectious disease outbreaks without integration into an emergency management program. 38 Related to this were warning signs of a broader clash of professional cultures.
Commentators have noted that a strict application of the IMS to public health may run counter to the "collaborative cultures and decision-making styles found in public health environments." 39(p416) Finally, despite relatively recent contributions to the literature describing beneficial process outcomes of an IMS structure, especially in global contexts, 36 the scarcity of evidence illustrating the effectiveness and impact of an IMS prompts important questions about its advantages and why emergency responses should be organized around it. 27 Drawing lessons from past experience, the CDC maintains a highly flexible IMS structure able to integrate subject matter expertise and operational capability from traditional public health functions-such as epidemiology and laboratory testing-and from specialized functions-such as community mitigation (e.g., social distancing and school closures), medical countermeasures (e.g., vaccines, prophylactics, respirators, and personal protective equipment), vector control, and birth defectswhich can be activated as needed. The CDC organizes these functions under a "scientific response section," which has been part of all major IMS activations since the agency's response to H1N1. 38 
DOMAINS OF PUBLIC HEALTH EMERGENCY MANAGEMENT
Although no definitive list of PHEM domains exists, we have drawn from the literature to suggest some of its principal domains. The domains listed in Table 2 describe specific sets of discrete functional activities that draw on resources or capacities, such as staff with competencies or expertise in specified areas; systems that, using a broad definition, include policies, plans, and procedures as well as processes, protocols, and partnerships; and infrastructure entailing facilities, communication, and information technology and equipment, supplies, and other material goods. Continued this fellowship has graduated 39 health officials from 25 countries.
Graduates are versed in the principles of emergency management and trained to implement an emergency management program in a public health context. Challenges persist in determining how to best maximize limited available resources in public health infrastructure; in some cases, governments' political will to invest in PHEM systems and capacities is lacking, and money or expertise is instead diverted to other health or economic priorities. In some nations, civil conflict and instability discourage the implementation of national-level strategies to improve public health. The Ebola outbreak in West Africa and Zika virus outbreak in the Americas and elsewhere have underscored the importance of strengthening the PHEM capacities required to prevent, respond to, and recover from public health events. The public health EOC framework developed by the World Health Organization in 2015 attempts to present scalable aspects of PHEM capacities, so national governments can make investments to achieve basic requirements addressing the country's particular health vulnerabilities and tailor strategies to do so in their specific geopolitical and socioeconomic contexts.
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WHERE DO WE GO FROM HERE?
A spate of recent global disease outbreaks serves as a reminder of the importance of developing and maintaining capacities to effectively manage responses to public health emergencies. We have attempted to sketch some features and pillars of a fluid yet gradually cohering field of PHEM. The future of PHEM as a field of practice is difficult to predict, but its maturation may hinge in part on at least 2 factors. The first factor relates to the need for evidence. Prominent public health programs in areas such as infectious and chronic disease surveillance and prevention depend on high-quality data and evidence of effectiveness.
Similar scientific rigor to evaluate effectiveness or identify best practices does not yet exist across the board for PHEM. Although techniques of evaluation in the form of hotwashes and afteraction reviews are key components of emergency management, the field has been slow to adopt scientific evaluation of practice, leaving open questions regarding the effectiveness and impact of PHEM-related activities across the emergency management cycle. Fortunately, public health practitioners and researchers trained in the sciences and evaluation are well positioned to remedy this deficit and yield extensive insights about what-at present-we take to be self-evident.
The second factor relates to instruction and pedagogy.
Whether and to what extent PHEM will further cohere as a field of practice will depend on how its core precepts and practices are imparted to entering practitioner cohorts. Will the next generation of public health emergency management practitioners learn from professionals, scholars, and instructors who have extensive experience in PHEM practice, research, or both? Will curricula draw on rigorously evaluated and identified best practices? Will PHEM be taught widely across schools of public health and elsewhere? Will future cohorts of public health professionals embrace precepts of emergency management as tools to help respond to complex public health emergencies? The answers are not yet clear, but the viability of PHEM as a sustainable field of practice in years to come might depend on the results. The CDC has made strides in this area with its Public Health Emergency Management Fellowship program and other efforts to train public health emergency responders and leaders, yet the field has immense room to grow both domestically and internationally. Where will PHEM go from here? Training, exercising, and evaluation Staff, systems, and infrastructure that support a training, exercising, and evaluation program on the basis of accepted emergency management and quality improvement principles.
Example capacities include a process or program to ensure that responders receive required training, an exercise design and implementation program, and a system of performance monitoring and evaluation to assess capability and performance.
Note. EOC = emergency operations center; IMS = incident management system; PHEM = public health emergency management.
